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3 delete_memobjs(cl_mem *memobjs; int n) 

5 Int 

int i; 
for (i=0; i<n; i++) clReleaseMemObject(memobjs[i]); 

{ exec_image_filter_kernel(intfilter_vv, int filter_h, const ?oat *filter_weights constcl_image_format*image_format_desc, 

‘§ // get the 

// load the 

const char *imageitilterisrc, void *srciimage, void *dstiimage); 

size_t args_size[] = { sizeof(int), sizeof(int), sizeof(cl_mem), sizeof(cl_mem), sizeof(cl_mem), 

void *args_value[5]; 
int argsiindices[5] = {0, 1, 2, 3, 4}; 
int num_devices; 
cl_ device device; 
clicontext context; 
cliprogram program; 
cl_kernel kernel; 
cl_mem memobjs[3]; 
clievent events[3]; 
cl_mem_?ags flags; 
cl_context_property context_properties[3]; 
int threadidim[2]; 
int err; 

GPU compute device and create a compute context 
clGetComputeDevices(CL_DEVlCE_GPU; 1, &devioe; &num_devices); 
context_properlies[0] = CL_CONTEXT_EXEC_MODE_ASYNC; 
contextiproperlies[1] = true; 
conlext_properlies[2] = NULL; 
context = clCreateContext(context_properlies, device); 
if (context == (clfcontext)0) return -1; 

// allocate the input and output image memory objects 
flags = CLiMEMiALLOCiGLOBALiPOOL | CLiMEMiREADiONLY; 
memobjs[0] = clCreatelmage2D(device; ?ags, 
image_format_desc, w, h, NULL); 
if (images [0] == (climem)0) 
{ 

clReleaseContext(context); 
return -1; 

} 
flags = CL_MEM_ALLOC_GLOBAL_POOL | CL_MEM_WRITE_ONLY; 
memobjs[1] = clCreatelmage2D(device, ?ags, 
image_format_desc, w, h, NULL); 
if (images[1] == (cl_mem)0) 

delete_memobjs(memobjs; 1); 
cl ReleaseContext(context); 
return -1; 

input image 
err = clWritelmage(oontext, memobjs[0], true, 0, O, 0, w, h, 1, NULL, srciimage, &events[0]); 
if (err l= CL_SUCCESS) 
{ 

deleteimemobjs(memobjs, 2); 
cl ReleaseContext(context); 
return -1; 

i 

Fig. 11A 
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/ ; // allocate an array memory object to load the filter weights 

flags = CLiMEMiALLOCiCONSTANTiPOOL; 
memobjs[2] = clCreateArray (device, flags, 
sizeof(float), n * m, NULL); 
if (memobjs[2] == (cl_mem)O) 

delete_memobjs(memobjs, 2); 
. cl ReleaseContext(c0ntext); 

1103b\\\ I return -1; 
\ / 5 l 

X 3 

f // load the filter weights into fi|ter_array 
3 err = clWriteArray(context, memobjs[2], true, (n * m * sizeof(float)), 

filter_weights, &events[1]); 
if (err != CL_SUCCESS) 
{ 

delete_memobjs(memobjs, 3); 
cl ReleaseContext(context); 

; return -1; 

1105 \\ \ E } 
\ . 

\f // create the compute program 
' program = clCreateProgram(device); 

if (program == (cl_program)0) 

delete_memobjs(memobjs, 3); 
cl ReleaseContext(context); 
return -1; 

1107 \\ ‘ } 

‘Z // load the compute program source 
I err = clLoadProgramSource(program, 1, &imageifilterisrc, NULL); 

if (err != CL_SUCCESS) 
{ 

delete_memobjs(memobjs, 3); 
clReleaseProgram(program); 
cl ReleaseContext(context); 

I return -1; 

1109 \\ i l 
\‘ ‘ 3 // build the compute kernel executable 

' err = clBuildProgramExecutable(program, false, NULL, NULL); 

if (err != CL_SUCCESS) 
{ 

deleteimemobjs(memobjs, 3); 
clReleaseProgram(program); 
cl ReleaseContext(context); 

I return -1; 

1111 \\ g } 

E // create the compute kernel 
kernel = clCreateKernel(program, “image_filter”); 
if (kernel == (cl_kernel)0) 
{ 

delete_memobjs(memobjs, 3); 
cl ReleaseProgram(program); 
cl ReleaseContext(context); 
return -1; 
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/' E // create kernel args object and set arg values. 
5 // set the args values 
I argsivalue[0] = (void *)&filteriw; 

args_value[1] = (void *)&filter_h; 
argsivalue[2] = (void *)memobjs[2]; 
args_value[3] = (void *)memobjs[0]; 
argsivalue[4] = (void *)memobjs[1]; 

11 13 \\ err = clSetKernelArgs(context, kernel, 5, args_indices, args_value, args_size); 
E if (err != CLiSUCCESS) 

< E { 
deleteimemobjs(memobjs, 3); 
clReleaseKerneKkernel); 
clReleaseProgram(program); 
clReleaseContext(context); 
return -1; 

} 

// set thread dimensions 
\\ ; threadidim[O] = w; threadidim[1] = h; 

1115.\ I // execute kernel 
E // make sure writes to images have completed 
{ // before executing kernel 
‘ err = clExecuteKernel(context, kernel, NULL, thread_dim, NULL, 2, events, 2, events[2]); 

if (err != CLiSUCCESS) 

deleteimemobjs(memobjs, 3); 
clReleaseKerneKkernel); 
clReleaseProgram(program); 
c|ReleaseContext(context); 
return -1; 

1111.. i } 
\ 

‘ E // synchronous mode - wait for kernel execution to complete 
I err = clGetEventStatus(events[2], CLiEVENTiWAITiFORiCOMPLETION, NULL); 

if (err != CL_SUCCESS) 
{ 

delete_memobjs(memobjs, 3); 
clReleaseKernel(kernel); 
clReleaseProgram(program); 
clReleaseContext(context); 

5 return -1; 

11 19 \\ E l 

‘ // read output image 
~ err = clReadlmage(context, memobjs[1], false, 0, O, 0, w, h, 1, dst_image, NULL); 

if (err != CLiSUCCESS) 
{ 

deleteimemobjs(memobjs, 3); 
clReleaseKerneKkernel); 
clReleaseProgram(program); 
clReleaseContext(context); 

E return -1; 

1121 \\ 5 } 

‘ E // release kernel, program, and memory objects 
' delete_memobjs(memobjs, 3); 

clReleaseKernel(kernel); 
clReleaseProgram(program); 
clReleaseContext(context); 
return 0; // success... 
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MULTI-DIMENSIONAL THREAD GROUPING 
FOR MULTIPLE PROCESSORS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related to, and claims the bene?ts 
of, U. S. Provisional Patent Application No. 61/05 9,73 9, ?led 
on Jun. 6, 2008 entitled “Application Programming Interfaces 
for Data Parallel Computing on Multiple Processors”, Aaftab 
A. Munshi et al. Which are hereby incorporated by reference 
herein in its entirety. 

FIELD OF INVENTION 

[0002] The present invention relates generally to data par 
allel computing. More particularly, this invention relates to 
thread groupings across both CPUs (Central Processing 
Units) and GPUs (Graphical Processing Units). 

BACKGROUND 

[0003] As GPUs continue to evolve into high performance 
parallel computing devices, more and more applications are 
Written to perform data parallel computations in GPUs simi 
lar to general purpose computing devices. Today, these appli 
cations are designed to run on speci?c GPUs using vendor 
speci?c interfaces. Thus, these applications are not able to 
leverage processing resources of CPUs even Whenboth GPUs 
and CPUs are available in a data processing system. Nor can 
processing resources be leveraged across GPUs from differ 
ent vendors Where such an application is running. 
[0004] HoWever, as more and more CPUs embrace multiple 
cores to perform data parallel computations, more and more 
processing tasks can be supported by either CPUs and/or 
GPUs Whichever are available. Traditionally, GPUs and 
CPUs are con?gured through separate programming environ 
ments that are not compatible With each other. Most GPUs 
require dedicated programs that are vendor speci?c. As a 
result, it is very dif?cult for an application to leverage pro 
cessing resources of both CPUs and GPUs, for example, 
leveraging processing resources of GPUs With data parallel 
computing capabilities together With multi-core CPUs. 
[0005] Therefore, there is a need in modern data processing 
systems to overcome the above problems to alloW an appli 
cation to perform a task using any available processing 
resources, such as CPUs and one or more GPUs, capable of 
performing the task. 

SUMMARY OF THE DESCRIPTION 

[0006] An embodiment of the present invention includes 
methods and apparatuses that determine a total number of 
threads to concurrently execute executable codes compiled 
from a single source for target processing units in response to 
anAPI (Application Programming Interface) request from an 
application running in a host processing unit. The target pro 
cessing units include GPUs (Graphics Processing Unit) and 
CPUs (Central Processing Unit). Thread group siZes for the 
target processing units are determined to partition the total 
number of threads according to a multi-dimensional global 
thread number included in the API request. The executable 
codes are loaded to be executed in thread groups With the 
determined thread group siZes concurrently in the target pro 
cessing units. 
[0007] In an alternative embodiment, thread group siZes for 
one or more target processing units for executing executable 
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codes compiled from a single source are determined in 
response to an API request from an application running in 
host processor. The one or more target processing units 
include GPUs and CPUs coupled to the host processor to 
execute the executable codes in parallel. The one or more 
executable codes are loaded into the one or more target pro 
cessing units according to the thread group siZes for concur 
rent execution to optimiZe runtime resource usage. 
[0008] Other features of the present invention Will be 
apparent from the accompanying draWings and from the 
detailed description that folloWs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The present invention is illustrated by Way of 
example and not limitation in the ?gures of the accompanying 
draWings, in Which like references indicate similar elements 
and in Which: 
[0010] FIG. 1 is a block diagram illustrating one embodi 
ment of a system to con?gure computing devices including 
CPUs and/or GPUs to perform data parallel computing for 
applications; 
[0011] FIG. 2 is a block diagram illustrating an example of 
a computing device With multiple compute processors oper 
ating in parallel to execute multiple threads concurrently; 
[0012] FIG. 3 is a block diagram illustrating one embodi 
ment of a plurality of physical computing devices con?gured 
as a logical computing device using a computing device iden 
ti?er; 
[0013] FIG. 4 is a How diagram illustrating an embodiment 
of a process to con?gure a plurality of physical computing 
devices With a computing device identi?er by matching a 
capability requirement received from an application; 
[0014] FIG. 5 is a How diagram illustrating an embodiment 
of a process to execute a compute executable in a logical 
computing device; 
[0015] FIG. 6 is a How diagram illustrating an embodiment 
of a runtime process to load an executable including compil 
ing a source for one or more physical computing devices 
determined to execute the executable; 
[0016] FIG. 7 is a How diagram illustrating one embodi 
ment of a process to select a compute kernel execution 
instance from an execution queue to execute in one or more 

physical compute devices corresponding to a logical comput 
ing device associated With the execution instance; 
[0017] FIG. 8 is a How diagram illustrating one embodi 
ment of a process to determine optimal thread group siZes to 
concurrently execute compute kernel objects among multiple 
compute units; 
[0018] FIG. 9A is a How diagram illustrating one embodi 
ment of a process to build an API (Application Programming 
Interface) library storing a source and a plurality of 
executables for one or more APIs in the library according to a 
plurality of physical computing devices; 
[0019] FIG. 9B is a How diagram illustrating one embodi 
ment of a process for an application to execute one of a 
plurality of executables together With a corresponding source 
retrieved from an API library based on API requests; 
[0020] FIG. 10 is sample source code illustrating an 
example of a compute kernel source for a compute kernel 
executable to be executed in a plurality of physical computing 
devices; 
[0021] FIGS. 11A-11C include a sample source code illus 
trating an example to con?gure a logical computing device 
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for executing one of a plurality of executables in a plurality of 
physical computing devices by calling APIs; 
[0022] FIG. 12 illustrates one example of a typical com 
puter system With a plurality of CPUs and GPUs (Graphical 
Processing Unit) that can be used in conjunction With the 
embodiments described herein. 

DETAILED DESCRIPTION 

[0023] A method and an apparatus for data parallel com 
puting on multiple processors are described herein. In the 
folloWing description, numerous speci?c details are set forth 
to provide thorough explanation of embodiments of the 
present invention. It Will be apparent, hoWever, to one skilled 
in the art, that embodiments of the present invention may be 
practiced Without these speci?c details. In other instances, 
Well-knoWn components, structures, and techniques have not 
been shoWn in detail in order not to obscure the understanding 
of this description. 
[0024] Reference in the speci?cation to “one embodiment” 
or “an embodiment” means that a particular feature, structure, 
or characteristic described in connection With the embodi 
ment can be included in at least one embodiment of the 
invention. The appearances of the phrase “in one embodi 
ment” in various places in the speci?cation do not necessarily 
all refer to the same embodiment. 
[0025] The processes depicted in the ?gures that folloW, are 
performed by processing logic that comprises hardWare (e.g., 
circuitry, dedicated logic, etc.), softWare (such as is run on a 
general-purpose computer system or a dedicated machine), or 
a combination of both. Although the processes are described 
beloW in terms of some sequential operations, it should be 
appreciated that some of the operations described may be 
performed in different order. Moreover, some operations may 
be performed in parallel rather than sequentially. 
[0026] A Graphics Processing Unit (GPU) may be a dedi 
cated graphics processor implementing highly ef?cient 
graphics operations, such as 2D, 3D graphics operation and/ 
or digital video related functions.A GPU may include special 
(programmable) hardWare to perform graphics operations, 
e.g. blitter operations, texture mapping, polygon rendering, 
pixel shading and vertex shading. GPUs are knoWn to fetch 
data from a frame buffer and to blend pixels together to render 
an image back into the frame buffer for display. GPUs may 
also control the frame buffer and alloW the frame buffer to be 
used to refresh a display, e. g. a CRT or LCD display Either a 
CRT or an LCD display is a short persistence display that 
requires refresh at a rate of at least 20 HZ (e.g. every l/3oof a 
second, the display is refreshed With data from a frame 
buffer). Usually, GPUs may take graphics processing tasks 
from CPUs coupled With the GPUs to output raster graphics 
images to display devices through display controllers. Refer 
ences in the speci?cation to “GPU” may be a graphics pro 
cessor or a programmable graphics processor as described in 
“Method andApparatus for Multitheraded Processing of Data 
In a Programmable Graphics Processor”, Lindholdm et al., 
US. Pat. No. 7,015,913, and “Method for Deinterlacing 
Interlaced Video by A Graphics Processor”, SWan et al., US. 
Pat. No. 6,970,206, Which are hereby incorporated by refer 
ence 

[0027] In one embodiment, a plurality of different types of 
processors, such as CPUs or GPUs may perform data parallel 
processing tasks for one or more applications concurrently to 
increase the usage ef?ciency of available processing 
resources in a data processing system. Processing resources 
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of a data processing system may be based on a plurality of 
physical computing devices, such as CPUs or GPUs.A physi 
cal computing device may include one or more compute 
units. In one embodiment, data parallel processing tasks (or 
data parallel tasks) may be delegated to a plurality types of 
processors, for example, CPUs or GPUs capable of perform 
ing the tasks. A data parallel task may require certain speci?c 
processing capabilities from a processor. Processing capabili 
ties may be, for example, dedicated texturing hardWare sup 
port, double precision ?oating point arithmetic, dedicated 
local memory, stream data cache, or synchronization primi 
tives. Separate types of processors may provide different yet 
overlapping groups of processing capabilities. For example, 
both CPU and GPU may be capable of performing double 
precision ?oating point computation. In one embodiment, an 
application is capable of leveraging either a CPU or a GPU, 
Whichever is available, to perform a data parallel processing 
task. 

[0028] In another embodiment, selecting and allocating a 
plurality of different types of processing resources for a data 
parallel processing task may be performed automatically dur 
ing run time. An application may send a hint including desired 
list of capability requirements for a data processing task 
though an API to a runtime platform of a data processing 
system. In accordance With the hint received, the runtime 
platform may determine a plurality of currently available 
CPUs and/or GPUs With capabilities matching the received 
hint to delegate the data processing task for the application. In 
one embodiment, the list of capability requirements may 
depend on the underlying data processing task. A capability 
requirement list may be applicable across different groups of 
processors or compute units, including, for example, GPUs 
and multi-core CPUs from different vendors and of different 
versions. Consequently, an application may be insulated from 
providing programs targeting a particular type of compute 
unit, such as a CPU or GPU. 

[0029] Furthermore, in another embodiment, allocating 
and grouping multiple threads to execute in parallel among 
selected compute units may be performed according to under 
lying problem space for a data parallel task. An analysis of 
representations for source codes to be executed in selected 
compute units may determine hoW a processing task should 
optimally be partitioned and distributed among the selected 
compute units. API interfaces may alloW an application to 
specify hoW a data parallel task should be performed by 
executing an executable in groups of threads among selected 
compute units. In addition, an application may retrieve, using 
APIs, suggestions on an optimal partitioning of a data parallel 
task based on resource requirements for performing the task 
among selected compute units. 
[0030] FIG. 1 is a block diagram illustrating one embodi 
ment of a system 100 to con?gure computing devices includ 
ing CPUs and/or GPUs to perform data parallel computing 
for applications. System 100 may implement a parallel com 
puting architecture. In one embodiment, system 100 may be a 
graphics system including one or more host processors 
coupled With one or more central processors 117 and one or 
more other processors such as media processors 115 through 
a data bus 113. The plurality of host processors may be 
netWorked together in hosting systems 101. The plurality of 
central processors 117 may include multi-core CPUs from 
different vendors. A compute processor or compute unit, such 
as CPU or GPU, may be associated a group of capabilities. 
For example, a media processor may be a GPU With dedicated 
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texture rendering hardware. Another media processor may be 
a GPU supporting both dedicated texture rendering hardware 
and double precision ?oating point arithmetic. Multiple 
GPUs may be connected together for Scalable Link Interface 
(SLI) or CrossFire con?gurations. 
[0031] In one embodiment, the hosting systems 101 may 
support a software stack. The software stack can include 
software stack components such as applications 103, a com 
pute platform layer 111, eg an OpenCL (Open Computing 
Language) platform, a compute runtime layer 109, a compute 
compiler 107 and compute application libraries 105. An 
application 103 may interface with other stack components 
through API calls. One or more threads may be running 
concurrently for the application 103 in the hosting systems 
101. The compute platform layer 111 may maintain a data 
structure, or a computing device data structure, storing pro 
cessing capabilities for each attached physical computing 
device. In one embodiment, an application may retrieve infor 
mation about available processing resources of the hosting 
systems 101 through the compute platform layer 111. An 
application may select and specify capability requirements 
for performing a processing task through the compute plat 
form layer 111. Accordingly, the compute platform layer 111 
may determine a con?guration for physical computing 
devices to allocate and initialiZe processing resources from 
the attached CPUs 117 and/or GPUs 115 for the processing 
task. In one embodiment, the compute platform layer 111 
may generate one or more logical computing devices for the 
application corresponding to one or more actual physical 
computing devices con?gured. 
[0032] The compute runtime layer 109 may manage the 
execution of a processing task according to the con?gured 
processing resources for an application 103, for example, 
based on one or more logical computing devices. In one 

embodiment, executing a processing task may include creat 
ing a compute program object representing the processing 
task and allocating memory resources, e. g. for holding 
executables, input/output data etc. An executable loaded for a 
compute program object may be a compute program execut 
able. A compute program executable may be included in a 
compute program object to be executed in a compute proces 
sor or a compute unit, such as a CPU or a GPU. The compute 
runtime layer 109 may interact with the allocated physical 
devices to carry out the actual execution of the processing 
task. In one embodiment, the compute runtime layer 109 may 
coordinate executing multiple processing tasks from different 
applications according to run time states of each processor, 
such as CPU or GPU con?gured for the processing tasks. The 
compute runtime layer 109 may select, based on the run time 
states, one or more processors from the physical computing 
devices con?gured to perform the processing tasks. Perform 
ing a processing task may include executing multiple threads 
of one or more executables in a plurality of physical comput 
ing devices concurrently. In one embodiment, the compute 
runtime layer 109 may track the status of each executed 
processing task by monitoring the run time execution status of 
each processor. 

[0033] The runtime layer may load one or more executables 
as compute program executables corresponding to a process 
ing task from the application 103. In one embodiment, the 
compute runtime layer 109 automatically loads additional 
executables required to perform a processing task from the 
compute application library 105. The compute runtime layer 
1 09 may load both an executable and its corresponding source 
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program for a compute program object from the application 
103 or the compute application library 105.A source program 
for a compute program object may be a compute program 
source. A plurality of executables based on a single compute 
program source may be loaded according to a logical com 
puting device con?gured to include multiple types and/or 
different versions of physical computing devices. In one 
embodiment, the compute runtime layer 109 may activate the 
compute compiler 107 to online compile a loaded source 
program into an executable optimiZed for a target processor, 
eg a CPU or a GPU, con?gured to execute the executable. 

[0034] An online compiled executable may be stored for 
future invocation in addition to existing executables accord 
ing to a corresponding source program. In addition, the 
executables may be compiled of?ine and loaded to the com 
pute runtime 109 using API calls. The compute application 
library 105 and/or application 103 may load an associated 
executable in response to library API requests from an appli 
cation. Newly compiled executables may be dynamically 
updated for the compute application library 105 or for the 
application 103. In one embodiment, the compute runtime 
109 may replace an existing compute program executable in 
an application by a new executable online compiled through 
the compute compiler 107 for a newly upgraded version of 
computing device. The compute runtime 109 may insert a 
new executable online compiled to update the compute appli 
cation library 105. In one embodiment, the compute runtime 
109 may invoke the compute compiler 107 when loading an 
executable for a processing task. In another embodiment, the 
compute compiler 107 may be invoked o?line to build 
executables for the compute application library 105. The 
compute compiler 107 may compile and link a compute ker 
nel program to generate a compute program executable. In 
one embodiment, the compute application library 105 may 
include a plurality of functions to support, for example, devel 
opment toolkits and/or image processing. Each library func 
tion may correspond to a compute program source and one or 
more compute program executables stored in the compute 
application library 105 for a plurality of physical computing 
devices. 

[0035] FIG. 2 is a block diagram illustrating an example of 
a computing device with multiple compute processors (e.g. 
compute units) operating in parallel to execute multiple 
threads concurrently. Each compute processor may execute a 
plurality of threads in parallel (or concurrently). Threads that 
can be executed in parallel in a compute processor or compute 
unit may be referred to as a thread group. A computing device 
could have multiple thread groups that can be executed in 
parallel. For example, M threads are shown to execute as a 
thread group in computing device 205. Multiple thread 
groups, e. g. thread 1 of compute processor_1 205 and thread 
N of compute processor_L 203, may execute in parallel 
across separate compute processors on one computing device 
or across multiple computing devices. A plurality of thread 
groups across multiple compute processors may execute a 
compute program executable in parallel. More than one com 
pute processors may be based on a single chip, such as an 
ASIC (Application Speci?c Integrated Circuit) device. In one 
embodiment, multiple threads from an application may be 
executed concurrently in more than one compute processors 
across multiple chips. 
[0036] A computing device may include one or more com 
pute processors or compute units such as Processor_1 205 
and Processor_L 203 . A local memory may be coupled with a 
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compute processor. Local memory, shared among threads in 
a single thread group running in a compute processor, may be 
supported by the local memory coupled With the compute 
processor. Multiple threads from across different thread 
groups, such as thread 1 213 and thread N 209, may share a 
compute memory object, such as a stream, stored in a com 
puting device memory 217 coupled to the computing device 
201. A computing device memory 217 may include a global 
memory and a constant memory. A global memory may be 
used to allocate compute memory objects, such as streams. A 
compute memory object may include a collection of data 
elements that can be operated on by a compute program 
executable. A compute memory object may represent an 
image, a texture, a frame-buffer, an array of a scalar data type, 
an array of a user-de?ned structure, or a variable, etc. A 
constant memory may be read-only memory storing constant 
variables frequently used by a compute program executable. 

[0037] In one embodiment, a local memory for a compute 
processor or compute unit may be used to allocate variables 
shared by all thread in a thread group or a thread group. A 
local memory may be implemented as a dedicated local stor 
age, such as local shared memory 219 for Processor_1 and 
local shared memory 211 for Processor_L. In another 
embodiment, a local memory for a compute processor may be 
implemented as a read-Write cache for a computing device 
memory for one or more compute processors of a computing 
device, such as data cache 215 for compute processors 205, 
203 in the computing device 201. A dedicated local storage 
may not be shared by threads across different thread groups. 
If the local memory of a compute processor, such as Proces 
sor_1 205 is implemented as a read-Write cache, e.g. data 
cache 215, a variable declared to be in the local memory may 
be allocated from the computing device memory 217 and 
cached in the read-Write cache, e.g. data cache 215, that 
implements the local memory. Threads Within a thread group 
may share local variables allocated in the computing device 
memory 217 When, for example, neither a read-Write cache 
nor dedicated local storage are available for the correspond 
ing computing device. In one embodiment, each thread is 
associated With a private memory to store thread private vari 
ables that are used by functions called in the thread. For 
example, private memory 1 211 may not be seen by threads 
other than thread 1 213. 

[0038] FIG. 3 is a block diagram illustrating one embodi 
ment of a plurality of physical computing devices con?gured 
as a logical computing device using a computing device iden 
ti?er. In one embodiment, an application 303 and a platform 
layer 305 may be running in a host CPU 301. The application 
303 may be one of the applications 103 of FIG. 1. Hosting 
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systems 101 may include the host CPU 301. Each of the 
physical computing devices Physical_Compute_Device-1 
305 through Physical_Compute_Device-N 311 may be one 
ofthe CPUs 117 or GPUs 115 ofFIG. 1. In one embodiment, 
the compute platform layer 111 may generate a computing 
device identi?er 307 in response to API requests from the 
application 303 for con?guring data parallel processing 
resources according to a list of capability requirements 
included in the API requests. The computing device identi?er 
307 may refer to a selection of actual physical computing 
devices Physical_Compute_Device-1 305 through Physical_ 
Compute_Device-N 311 according to the con?guration by 
the compute platform layer 111. In one embodiment, a logical 
computing device 309 may represent the group of selected 
actual physical computing devices separate from the host 
CPU 301. 
[0039] FIG. 4 is a How diagram illustrating an embodiment 
of a process 400 to con?gure a plurality of physical comput 
ing devices With a compute device identi?er by matching a 
capability requirement received from an application. Exem 
plary process 400 may be performed by a processing logic 
that may comprise hardWare (circuitry, dedicated logic, etc.), 
softWare (such as is run on a dedicated machine), or a com 
bination of both. For example, process 400 may be performed 
in accordance With the system 100 of FIG. 1 in a data pro 
cessing system hosted by the hosting systems 101. The data 
processing system may include a host processor hosting a 
platform layer, such as compute platform layer 111 of FIG. 1, 
and multiple physical computing devices attached to the host 
processor, such as CPUs 117 and GPUs 115 of FIG. 1. 
[0040] At block 401, in one embodiment, the processing 
logic of process 400 may build a data structure (or a comput 
ing device data structure) representing multiple physical 
computing devices associated With one or more correspond 
ing capabilities. Each physical computing device may be 
attached to the processing system performing the processing 
logic of process 400. Capabilities or compute capabilities of 
a physical computing device, such as CPU or GPU, may 
include Whether the physical computing device support a 
processing feature, a memory accessing mechanism, a named 
extension or associated limitations. A processing feature may 
be related to dedicated texturing hardWare support, double 
precision ?oating point arithmetic or synchronization support 
(eg mutex). 
[0041] Capabilities of a computing device may include a 
type indicating processing characteristics or limitations asso 
ciated With a computing device. An application may specify a 
type of required computing device or query the type of a 
speci?c computing device using APIs. Examples of different 
types of computing devices are shoWn in the folloWing table: 

TABLE 1 

clideviceitype Description 

CLiDEVICEiTYPEiCPU 

CLiDEVICEiTYPEiGPU 

CLiDEVICEiTYPEiACCELERATOR 

A single or multi-core CPU computing 

device may act as the host processor. 

The host CPU may host the application 

and OpenCL runtime. 
A computing device that may also be 

used as a GPU, for example, to 

accelerate a 3D API such as OpenGL or DirectX. 

Dedicated compute accelerators other 

than CPUs or GPUs such as DSPs 
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TABLE l-continued 

clideviceitype Description 

(digital signal processors), DAXPY 
(double precision a times x plus y) 
accelerators etc. 

CLiDEVICEiTYPEiALL All computing devices available in the system. 

[0042] Additionally, capabilities of a computing device 
may include, for example, con?guration values as shown in 
the following table: 

TABLE 2 

clideviceicon?giinfo Description 

CLiDEVICEiTYPE 

CLiDEVICEiMAXiCOMPUTEiUNITS 

CLiDEVICEiMAXiTHREADiDIMENSIONS 

CLiDEVICEiMAXiGLOBALiTHREADiSIZE 

CLiDEVICEiMAXiTHREADiGROUPiSIZE 

CLiDEVICEiSIMDiTHREADiGROUPiSIZE 

CLiDEVICEiCLOCKiFREQUENCY 

CLiDEVICEiADDRESSiSPACEiBITS 

CLiDEVICEiMAXiREADiIMAGEiARGS 

CLiDEVICEiMAXiWRITEiIMAGEiARGS 1 

CLiDEVICEiMAXiMEMiALLOCiSIZE 

CLiDEVICEiIMAGEZDiMAXiWIDTH 

CLiDEVICEiIMAGEEvDiMAXiWIDTH 

CLiDEVICEiIMAGEEvDiMAXiHEIGHT 

CLiDEVICEiIMAGEEvDiMAXiDEPTH 

CLiDEVICEiMAXiSAMPLERS 

Computing device type. Currently 
supported values are: 

CLiDEVICEiTYPEiCPU, 
CLiDEVICEiTYPEiGPU, 
CLiDEVICEiTYPEiACCELERATOR, or a 
combination of the above. 
The number of parallel compute units 
on the computing device. The minimum 
value is one. 
Maximum dimensions that specify the 
global and local thread IDs. The 
minimum value is 3. 
Max number ofglobal threads that can 
be speci?ed. 
Max number of threads in a thread 
group 
Each thread group may be split into a 
SIMD group of threads. The number of 
threads in this SIMD group is given by 
this token. The threads in each SIMD 
group are executed in a SIMD fashion. 
Ifthe siZe ofthe SIMD group is n, then 
the ?rst n threads of the thread group 
Will be executed by SIMD group O, the 
next n threads Will be executed by 
SIMD group 1 etc . . . 

Computing device clock frequency in 
MHZ. 
Computing device address space siZe 
speci?ed as an unsigned integer value 
in bits, for example, 32 or 64 bits. 
Max number of simultaneous image 
memory objects that can be read by a 
compute kernel. 
Max number of simultaneous image 
memory objects that can be Written to 
by a compute kernel. The minimum 
value is 0 if the computing device does 
not support formatted image Writes. If 
formatted image Writes are supported, 
the minimum value is 8. 
Max siZe ofmemory object allocation 
in bytes. The minimum value is max 
(1/4th of 
CLiDEVICEiGLOBALiMEMiSIZE, 
128 * 1024 *1024) 
Max Width of2D image in pixels. The 
minimum value is 8192. 
Max Width of3D image in pixels. The 
minimum value is 1024. 
Max height of3D image in pixels. The 
minimum value is 1024. 
Max depth of3D image in pixels. The 
minimum value is 1024 
Maximum number of samplers that can 
be used in a compute kernel. A 
minimum value may be 16. A sampler 






















